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Preface 


The  work  reported  herein  was  conducted  by  the  U.S.  Army  Engineer 
Waterways  Experiment  Station  (WES)  in  October  1992  for  tte  U.S.  Army 
Engineer  District,  Huntington.  Huntington,  WV.  The  purpose  was  to  use  qual¬ 
itative  and  quantitative  methods  to  collect  freshwater  mussels  (Unionidae)  from 
known  mussel  beds  in  a  reach  of  tire  Ohio  River  near  Huntington.  Data  on 
density,  size  demogrtqdiy  of  dominant  populations,  species  diversity,  and  com¬ 
munity  composition  will  be  used  to  analyze  the  environmental  effects  of 
increased  commercial  navigation  traffic  resulting  horn  ctnnpletion  of  Gallipolis 
Lock  and  Dam. 

Divers  for  this  study  were  Messrs.  Larry  Neill,  Robert  Warden,  Robert  T. 
James,  and  Jeff  Montgomery  from  tlK  Tennessee  Valley  Authority.  Assistance 
in  the  field  and  advice  on  location  of  sampling  sites  were  provitted  by  Mr.  Bill 
Tolin,  U.S.  Fish  and  Wildlife  Service,  and  Mr.  Barry  Passmore,  Huntington 
District  Messrs.  Jim  Jones  and  Chuck  Boston,  University  of  Louisville, 
assisted  in  the  field.  Ms.  Deborah  Shafer,  WES,  was  the  Diving  Inspector  for 
this  work.  Mr.  Bany  Passmore  monitored  the  contract  with  WES.  Ms.  Karen 
Gunnison,  Kalamazoo  College,  weighed  and  measured  all  Corbicula  fluminea. 
Figures  were  prepared  by  Ms.  Sarah  Wilkerson,  Mississippi  College,  and  tables 
were  prepared  by  Ms.  Geralline  Wilkerson.  Hinds  Jr.  College. 

During  the  condua  of  this  study.  Dr.  John  Harrison  was  Director, 
Environmental  Laboratory  (EL),  WES,  Dr.  Conrad  J.  Kiiby  was  Chief,  Ecolog¬ 
ical  Research  Division,  EL,  and  Dr.  Edwin  Theriot,  was  C^ef  of  the  Aquatic 
Ecology  Branch,  EL.  Authors  of  tins  report  were  Dis.  Andrew  C.  Miller  and 
Barry  S.  Payne,  EL.  Design  of  the  study  and  conduct  of  all  related  activities 
in  the  field  and  laboratory  were  the  sole  responsibility  of  Drs.  Miller  and 
Payne. 

At  the  time  of  publicaticm  of  this  report.  Director  of  WES  was 
Dr.  Roben  W.  Whalin.  Commander  was  COL  Bruce  K.  Howard,  EN. 


This  report  should  be  cited  as  follows; 

Miller.  A.  C..  and  Payne,  B.  S.  (1993).  “An  analysis  of  fresh¬ 
water  mussels  (Unionidae)  in  the  iq^r  Ohio  River  near  Hunt- 
ingUHi,  West  Virginia;  1992  Studies,*'  Technical  Report 
EL-93-27,  U.S.  Army  Engineer  Waterways  Experiment  Station, 
Vicksbuig,  MS. 


Conversion  Factors, 

Non-SI  to  SI  Units  of  Measurement 


Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI 
units  as  follows: 


Multiply 

By 

To  Obtain 

feet 

0.3048 

matare 

Miaa 

2S4 

cantimalars 

mUn  (U.S.  nautical) 

1.852 

kNomatars 

1  Introduction 


Background 

Freshwater  mussels,  a  resource  with  economic,  ecological,  and  cultural 
value,  can  be  affected  by  changes  in  water  levels,  sediment  resuspension 
caused  by  dredging  and  diqxrsal  of  dredged  material,  and  movemem  of  navi¬ 
gation  vessels.  Their  sedentary  lifestyle  and  reliance  on  suspended  particulate 
organic  material  for  food  makes  ttiem  particularly  susceptible  to  fluctuating 
water  levels,  sedimeru  scour,  elevated  suspended  sediment,  arrd  turbulence. 

The  biological  consequences  of  these  disturbances  can  be  measured  on  organ¬ 
isms  held  in  the  laboratory  (Holland  1986;  Aldridge.  Payne,  and  Miller  1987; 
Killgore,  MiUer,  and  Conley  1987;  Payne  and  Miller  1987).  However,  caution 
must  be  used  when  extrapolating  results  of  laboratory  experiments  to  the  Held 
(Payne  and  Miller  1987).  Physiological  responses  that  occur  in  a  laboratory 
ofim  do  not  occur  under  natural  conditions. 

Planners  and  biologists  should  evaluate  the  effects  of  i^ysical  disturbances 
such  as  those  caused  by  dredging  and  movement  of  commercial  navigation 
vessels  on  naturally  occurring  populations,  not  on  individual  organisms  held  in 
the  laboratory.  Fidd  studies  are  the  best  means  of  understanding  effects  of 
I^ysical  disturbances  on  naturally  occurring  populations  of  mussels.  These 
studies  can  be  designed  to  evaluate  i^ysical  effects  of  water  resource  develop- 
moit  on  recniitment,  rate  of  growth,  density,  species  richness,  and  diversity. 
These  parameters  provide  die  most  useful  measures  of  the  overall  health  and 
ultimate  survival  of  a  mussel  community.  A  predetermined  set  of  criteria  can 
be  evaluated  yearly  to  determine  if  man-made  disturbances  are  negatively 
affecting  native  mussels. 


Purpose  and  Scope 

The  purpose  is  to  duracterize  important  biotic  variaUes  (mussel  density, 
evidence  of  recoit  recruitment,  community  structure,  and  ^dal  distribution)  at 
mussel  beds  downriver  of  the  Gallipolis  Lock  and  Dam  in  die  Ohio  River, 

West  Virginia.  Results  of  this  work  will  be  used  by  perstnmel  of  the 
U.S.  Army  Engineer  IMstrict,  Huntington,  to  evaluate  the  effects  of  water 
resource  (tevelopmoits  on  freshwater  mussels.  In  addition,  these  data  will 
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provide  a  baseline  for  evaluating  the  effects  of  introduction  and  spread  of  the 
exotic  zebra  mussel  Dreissena  pofynwrpha  on  native  freshwater  mussels. 
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2  Study  Area  and  Methods 


Study  Area 

The  Ohio  River  originates  in  Pittsburgh,  PA.  at  the  confluence  of  the  Alle¬ 
gheny  and  Monongahela  Rivers.  It  flows  981  miles'  to  the  northwest  and 
then  the  southwest  before  it  joins  the  Mississippi  River  near  Cairo,  IL.  The 
river  drains  203,900  square  miles  and  falls  4S0  ft  before  it  joins  the  lower 
Mississippi  River. 

For  this  project,  study  sites  were  located  in  the  upper  Ohio  River  (UOR) 
between  River  Miles  (RM)  292.2  and  283.9  (Table  1.  Figure  1).  (^antitative 
methods  were  used  to  collect  bivalves  at  RM  292.2, 292.1, 287.0,  and  283.9. 
(^lalitative  methods  were  used  to  collect  mussels  at  RM  2922,  289.8,  288.7, 
287.0,  and  284.0  (Figures  2  and  3).  The  majority  of  samples  were  collected 
about  2(X)  ft  fnmi  shore  in  water  12  to  21  ft  deep. 

At  all  sites,  substratum  consisted  of  stable  sand  mixed  with  medium-sized 
to  large  gravel.  Substratum  at  the  downriver  reach  of  the  study  area 
(RM  2922)  had  higher  percentages  of  coarse-grained  particles  greater  than 
34  mm  in  diameter  (Figure  4).  Substratum  at  the  upper  reach  of  the  study  area 
(RM  283.9)  was  characterized  by  having  higfter  percentages  of  finer  grairied 
material  witt  particle  diameter  less  than  6.35  mm.  Intennediate-sized  particles 
(those  with  diam^ers  between  12.7  and  34.0  mm  and  between  6.35  and 
12.7  mm)  tended  to  become  more  common  moving  upriver  (Hgure  4). 


Methods 

Preliminary  reconnaissance 

All  underwater  work  was  accomplished  by  a  dive  crew  equipped  with 
surface-supplied  air  and  communication  equipment  Before  intensive  sampling 
was  initiated,  a  single  diver  conducted  a  i^iminary  reconnaissance  of  the 


'  A  taUe  of  facUm  for  converting  non-SI  units  of  measurement  to  SI  units  is  presented  on 
page  vi. 
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immediati!!  area.  He  obtained  infonnation  on  substrate  type,  water  velocity, 
and  i»esence  of  mussels.  Qualitative  sampling  was  initiated  if  the  substrate 
appeared  stable  and  if  there  was  moderate  to  high  mussel  doisity  (i.e.,  greater 
than  3  to  S  individuals/square  meter). 


Qualitative  musaeil  aamples 

The  majority  of  the  qualitative  samples  were  obtained  by  having  two  divers 
collect  simultaneously.  Each  diver  fdaced  a  specific  number  of  live  mussels  in 
each  of  six  nylon  bags;  5  mussels  were  placed  in  three  bags  and  20  were 
placed  in  eadi  of  the  other  nine  bags.  Ihe  divers  were  instructed  to  olHain 
mussels  without  bias  toward  size  or  type.  They  attempted  to  exclude  the 
Asiatic  clam  Corbicula  fluminea.  If  C.flwninea  was  inadvertently  collected,  it 
was  later  eliminated.  A  total  of  90  quaUtative  samples  (bags  of  mussels)  were 
taken  from  nine  locations  (Table  1).  Typically,  12  samples  were  taken  at  each 
site;  however,  at  RM  288.7  and  287.0,  only  seven  and  six  samples  were  taken, 
respectively.  Fewer  samples  were  taken  at  these  latter  sites  since  densities 
were  extremely  low;  it  is  inefficient  to  collea  where  mussels  are  very 
uncommoa 

All  mussels  were  brought  to  the  surface,  counted,  and  identified.  Data  were 
recorded  on  standard  data  sheets  aiul  returned  to  the  laboratory  for  analysis  and 
plotting.  Shells  of  voucher  specimens  for  each  species  were  placed  in  plastic 
zipper  lock  bags  and  labeled  with  hi^  rag  contem  paper.  Mussels  not  needed 
for  voucher  were  returned  to  the  river.  Methods  for  sampling  mussels  were 
based  on  techniques  described  in  Coker  (1919);  Brice  and  Lewis  (1979);  Miller 
and  Nelson  (1983):  Isom  and  Gooch  (1986);  Kovalak,  Dennis,  and  Bates 
(1986);  and  Miller  and  Payne  (1988).  Mussel  identification  was  based  on 
taxonomic  keys  and  descriptive  information  in  Murray  and  Leonard  (1962), 
Parmalee  (1967),  Statrett  (1971),  and  Butch  (1975).  Taxortomy  is  consisterrt 
with  Turgetm  et  al.  (1988). 


Quantitative  mussel  samples 

(Quantitative  samples  that  included  unionids  as  well  as  C.  fluminea  were 
obtained  at  RM  2922,  287.0,  and  283.9.  At  each  location,  trivalves  were 
collected  at  each  of  four  sites  that  were  separated  by  S  to  10  m.  At  each  site, 
10  quadrats  (0.25  sq  m)  were  positioned  ai^ximately  1  m  apart  and  arranged 
in  a  2  by  5  matrix.  A  diver  excavated  aU  sand,  gravel,  shells,  and  live 
bivalves  to  a  depth  of  10  to  15  cm.  Mtoerial  was  sent  to  the  surface  in  a  20-f 
Ixicket  and  transported  to  shore.  Sediment  was  screened  through  a  aeve 
series.  All  live  mussels  and  C.  fluminea  removed  from  samples  were  placed  in 
4-(  zipper  lock  bags.  Each  bivtdve  was  then  identified  and  total  shell  length 
(SL)  measured  to  the  nearest  0.1  mm  widi  a  caliper. 
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Grain  size  analysis 


Sediment  samples  from  the  quantitative  samples  from  each  wash  screen 
were  weighed  on  a  top-loading  balance  in  the  held.  Mesh  sizes  of  screens 
were  34.0,  12.7,  and  6.35  mm.  The  sediments  on  each  screen  (excluding  the 
mass  of  bivalves,  which  were  treated  separately)  were  weighed  in  the  field. 


Data  analysis 

Species  diversity  was  determined  with  the  following  formula: 


H’  -p.  log  pj 


where  Pj  is  the  proportion  of  the  population  that  is  of  the  jth  species  (Shannon 
and  Weaver  1949).  All  calculations  were  done  with  programs  written  in 
BASIC  or  SAS  (Statistical  Analytical  System)  on  an  IBM  XT  or  AT  persona) 
computer.  Discussion  of  statistical  procedures  that  were  used  can  be  found  in 
Green  (1979)  and  Hurlbert  (1984).  Species  area  curves  and  dominance- 
diversity  curves  were  constructed  from  qualitative  and  quantitative  biological 
data.  More  information  on  methods  used  for  this  survey  can  be  found  in 
McNaughton  and  Wolf  (1973),  Isom  and  Gooch  (1986),  Kovalak,  Dennis,  and 
Bates  (1986),  Hughes  (1986),  and  Miller  and  Payne  (1988). 
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3  The  Bivalve  Community 


Community  Characteristics 

Qualitative  samples 

A  total  of  1.477  individuals  and  20  ^cies  of  mussels  were  collected  at 
five  locations  in  the  study  area  usii^  qualitative  methods  CTable  2).  Ttie  fauna 
was  dominated  by  two  thick-shelled  species  {EUipUo  crassidens  and  Quadrula 
pustulosa),  whidi  together  comprised  66.7  percent  of  the  fauna.  Seven  species 
comprised  1  to  8  percoit  of  the  fauna,  and  1 1  species  each  comprised  less  than 
1  percent  of  the  fauna.  The  majority  of  diese  mussels  were  thick  or  moder¬ 
ately  thick  species;  thin-shelled  qiecies  (Leptodeafragilis  and  Lampsilis  ovata) 
were  uncommon  and  comprised  0.07  and  0.74  percent  of  the  fauna,  respec¬ 
tively.  EUiptio  crassidens  was  taken  in  all  qualitative  samples  at  each  site 
excqx  at  RM  288.7,  where  it  was  found  in  only  66.7  percent  of  the  samples 
(Table  3).  In  addition  to  E.  crassidens,  three  species  occurred  in  more  than 
55  percent  of  all  qualitative  samfdes  (Q.  p.  pustulosa,  Quadrula  metanevra, 
and  Pleurobema  cordatum).  Nine  species  were  found  in  10  to  41  percent  of 
the  samples,  and  seven  species  were  found  in  less  than  10  percent  of  the 
samples  CTatde  4). 

A  {dot  of  percent  species  abundance  versus  percent  occurrence  of  each 
species  in  all  90  qualitative  sam]des  iq^)ears  in  Figure  5.  The  20  species 
spanned  3  orders  of  magnitude  (from  34  to  0.07  percent)  and  depia  a 
community  that  is  evenly  distributed  (i.e.,  with  no  clear  domiruuits).  Fre¬ 
quency  of  occurrence  data  spanned  1  order  of  magnitiKle  (from  98  to 
1.11  percent). 

The  relationship  between  the  cumulative  number  of  individuals  and  the 
cumulative  number  of  species  collected  depicts  tire  effort  required  to  collect 
uireommon  species  (Figure  6).  Sixteen  species  (80  percent  of  the  collection) 
were  found  i^r  slightly  more  tlum  400  individuals  had  beat  taken  at 
RM  2912.  After  an  aMtional  1,000  individuals  had  been  collected  at  ntes 
farther  upriver,  a  total  of  four  more  qrecies  were  identified.  It  is  likely  that 
addititxial  qredes  were  obtaiiwd  as  a  result  of  obtaining  more  individuals 
rather  than  collecting  at  new  habitats. 
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There  were  no  specific  trends  with  respect  to  RM  for  abundance  of  com¬ 
mon  species  (Figure  7).  The  site  at  RM  288.7  was  dominated  by  Q.  p. 
pustulosa  and  Q.  metanevra  rather  than  E.  crassidens.  Pleurobema  cordatwn 
was  twice  as  abundant  at  RM  289.8  and  287.0  than  at  RM  292.2,  288.7,  and 
284.0  (Hgure  8).  The  slight  differences  in  community  composition  were  prob¬ 
ably  related  to  minor  variations  in  each  of  these  mussel  beds. 


Quantitative  samples 

A  total  of  328  individuals  and  17  species  were  collected  in  the  120  quanti¬ 
tative  samples  taken  at  three  locations  in  the  UOR  (Table  5).  As  with  qualita¬ 
tive  collections,  the  fauna  was  dominated  by  E.  crassidens  (33.8  percent)  and 
Q.  p.  pustulosa  (30.8  percent).  When  results  of  qualitative  and  quantitative 
sampling  methods  were  compared,  the  percentage  abundance  of  the  two  domi¬ 
nate  species  differed  by  t^roximately  10  pert^nt  (Figure  9).  However,  two 
small  and  therefore  difficult-to-collea  species,  Obliquaria  reflexa  and 
TruncUla  truncata,  were  several  times  as  abundant  in  the  quantitative  samples 
as  in  the  qualitative  samples  (see  also  Tables  3  and  5).  Obliquaria  reflexa  and 
T.  truncata  comprised  0.41  and  0.20  percent,  respectively,  of  the  qualitative 
collection  and  3.7  percent  of  the  quantitative  collection.  Very  uncommon 
species  that  were  usuaUy  easy  for  divers  to  find  (Lampsilis  ovata  and 
Plethobasis  cyphyus)  each  comprised  less  than  1  percent  of  the  qualitative  and 
quantitative  collections.  Because  these  were  low-density  beds,  even  the  d(»ni- 
nant  species  were  not  common  in  quantitative  samples.  For  example.  E.  crass¬ 
idens  and  Q.  p.  pustulosa  were  found  in  slightly  more  than  50  percent  of  the 
quantitative  samples  (Table  6).  Four  species  were  taken  in  10  to  20  percent  of 
the  quantitative  samples,  and  eleven  species  were  found  in  less  than  10  percent 
of  the  quantitative  samples. 

Based  on  results  of  quantitative  sampling,  the  distribution  of  species  within 
the  community  was  even,  with  no  clear  dominant  (Figure  10).  Distribution  of 
species  within  the  community  was  similar  regardless  of  sampling  tedinique 
(compare  Bguies  5  and  10).  However,  as  described  above,  because  of  low 
density,  the  quantitative  sampling  resulted  in  a  lower  frequency  of  occurrence 
for  species  than  did  the  qualitative  sampling  (compare  Figures  S  and  10,  and 
also  see  Table  6).  After  approximately  160  individuals  had  been  collected 
using  quantitative  methods,  15  species  had  been  identified  (Figure  11). 
Although  more  individuals  were  collected  using  qualitative  methods,  the 
species  area  curves  were  similar  (compare  the  first  pan  of  Figure  6  with 
Figure  11). 

Species  diversity,  a  measure  of  the  number  of  species  in  a  sample  (richness) 
as  weU  as  the  distribution  of  species  within  the  community  (everuiess),  was 
sliglitiy  higher  at  RM  283.9  dian  at  RM  292.0  or  RM  287.0  (Figure  12). 
Evenness  can  range  from  near  0  for  communities  strongly  dominated  by  oire  or 
two  species  to  near  1.0  for  communities  with  no  clear  dominants.  Values 
greater  dian  0.5  indicate  communities  that  show  no  clear  dominants. 
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Individuals  less  dian  30  mm  total  SL  can  be  considered  evidence  of  faiily 
recent  recniitmem  (i.e.,  organisms  diat  developed  within  the  last  2  years).  At 
the  three  locations  sampled  using  quantitative  methods,  the  total  percentage  of 
species  that  had  at  least  one  iiklividual  less  than  30  mm  total  SL  ranged  from 
9.1  to  15.4  percent  (Table  S  and  Figure  13).  Number  of  organisms  coUected 
and  mean,  minimum,  and  maximum  SL  for  each  species  at  each  of  the  three 
locations  sampled  quantitatively  are  given  in  Table  7.  Quadrula  pustulosa 
pustulosa  had  representatives  less  than  30  mm  total  SL  at  aU  sites.  Other 
species  with  some  small  individuals  included  Truncilla  truncata  (minimum  size 
27.2  mm  at  RM  283.9),  Obliqmria  r^exa  (minimum  size  32.1  mm  at 
RM  283.9),  and  Potamilus  alatus  (minimum  size  36.2  nun  at  RM  283.9). 

Total  density  of  Unionidae  ranged  from  6.0  (Site  4,  RM  287.0)  to  a 
maximum  of  16.8  individuals/square  meter  (Site  4,  RM  292.0)  (TaUe  8  and 
Figure  14).  Variation  in  density  among  sites  for  Unionidae  at  eadi  of  the 
three  locations  was  not  significant  (P  >  O.OS).  Mean  density  at  RM  292.0  and 
283.9  (13.7  and  11.2  individuals/square  meter)  was  signific^y  greater  than  at 
RM  287.8  (7.9  individuals/square  meter).  Total  biomass  of  Unionidae  ranged 
from  404.9  g/square  meter  (Site  4.  RM  283.9)  to  2,485.9  g/square  meter 
(Site  3,  RM  292.0).  As  widi  density,  biomass  values  were  trot  significantly 
different  among  sites  at  each  RM  (P  >  0.05).  Total  biomass  of  Unionidae  was 
significantly  greater  at  RM  292.0  (2,441.6  g/square  meter)  than  at  RM  287.0  or 
283.9  (1,251.0  and  1,075.9  g/square  m^,  respectively). 

Total  density  of  C.ftunUnea  ranged  from  140.8  (Site  2,  RM  292.0)  to 
3,381.6  individuals/square  meter  (Site  4,  RM  283.9)  (TaUe  8  and  Figure  15). 
Variation  in  density  among  the  four  sites  was  significant  at  RM  287.0 
(P  =  0.0002),  but  not  at  RM  292.0  or  239.0  (P  >  0.05).  Nfean  density  of  C. 
fbmunea  was  significantly  different  at  each  of  the  three  RMs  (P  =  0.0001). 
Biomass  of  C.  flundnea  ranged  from  271.4  (Site  2,  RM  292.2)  to 

g^quare  meter  (Site  4,  RM  283.9).  Significant  intraate  variation  in 
bitnnass  of  C.flwmnea  was  found  at  RM  287.0  and  283.9  (P  <  0.05),  but  not 
at  RM  292.0  (P  =  0.3562).  As  with  numerical  density,  mean  Uomass  density 
was  significantly  different  among  the  duee  RMs  (P  »  0.0001). 

There  was  a  substantial  increase  in  density  of  medium-sized  C.flumnea 
(total  SL  14  to  19.99  mm)  moving  t^ver  fi^  RM  292.2  to  RM  283.9  (Fig¬ 
ure  16  and  TaUe  9).  Density  of  sm^  aiKl  larger  sized  C.flumnea  was 
similar  among  the  three  locations. 

Total  density  and  total  bimnass  of  Unionidae  in  eadi  0.25-square  meter 
quadrat  were  {dmted  against  four  size  fractions  of  particles.  Paitide  size 
dasses  were  <6.35  mm,  6.35  to  12.7  mm,  12.7  to  34.0  mm,  and  >34.0  mm. 
Notatde  trends  for  either  density  or  Inomass  widi  respect  to  these  size  fractiems 
were  not  observed  (Hgures  17  and  18).  However,  when  this  compaiiscm  was 
made  for  total  density  and  Idmnass  of  C.  fluminea,  notable  reladtmships  were 
obsmved.  Bmh  deraity  and  Inomass  of  Asian  clams  were  positively  related  to 
three  size  dasses  of  paiddes  less  dian  34  mm  (Figures  19  and  20).  Numerical 
and  bimnt^  dendty  of  C.flunUnea  was  podtivdy  rdated  to  increased 
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percentages  of  smali-sized  particles.  Finer  grained  sediments  were  most  com¬ 
mon  at  the  most  upriver  location  (RM  283.9)  and  least  common  at  the  down¬ 
river  location  (RM  292.2)  (see  also  Figure  4).  In  both  numerical  and  biomass 
terms,  there  was  a  negative  relatitmship  between  percentages  of  particles 
greater  than  34  nun  and  density  of  C.  fluminea. 

Correlations  among  percentages  of  various  size  fractions  of  sediments  and 
total  biomass  and  density  of  Unionidae  and  C.  fluminea  are  included  on 
Table  10.  There  was  a  significant  positive  correlation  between  density  and 
biomass  of  C.  fluminea  and  percentage  of  fit^-grained  sediments.  Conversely, 
the  correlation  between  biomass  and  density  of  Unionidae  and  the  three  parti¬ 
cle  size  classes  smaller  than  34.0  mm  were  mostly  negative.  Stated  simply, 
the  Unionidae  became  slightly  more  common  in  sediments  with  large  diameter 
particles,  and  C.  fluminea  became  more  common  in  sediments  with  small 
diameter  particles.  As  a  result,  there  was  a  significant  negative  relationship 
between  density  and  biomass  of  C.  fluminea  and  biomass  of  Unionidae.  If 
grain  size  distrilnition  had  been  the  same  at  all  collecting  sites,  then  the  nega¬ 
tive  correlation  between  Unionidae  and  C.  fluminea  might  be  considered  bio¬ 
logically  significant  However,  since  there  was  a  significant  relationship 
between  river  mile  and  percentage  of  fine-grained  sediments,  it  appears  that 
grain  size  distribution  was  the  major  causative  factor  affecting  distribution  of 
Unionidae  and  C.  fluminea. 


Demography  of  Dominant  Populations 

Only  two  species  of  native  unionids  were  collected  in  sufficient  numbers  to 
allow  analysis  of  population-size  demography.  These  two  species  were 
£.  crassidens  and  Q.  p.  pustulosa,  which  toth  have  massive  shells.  Ell^tio 
crassidens  grows  to  large  adult  size  (>1(X)  nun  long)  and  is  long-lived 
(tqrproximately  25  years).  Quadrula  pusmlosa  pustulosa  grows  to  moderate 
adtdt  size  and  is  moderately  long-liv^  (qjproximately  12  years).  In  addition, 
size  demogrtqdiy  of  die  Asian  clam  C.  fluminea  was  also  examined.  Corbicula 
fluminea  is  small  relative  to  most  native  unionids  and  typically  lives  for  1  to 
3  years,  with  recruitment  occurring  in  spring  and  fall  of  each  year. 

The  two  native  unionids  were  approximately  equally  abundant  at  aU  RM 
locations,  and  there  were  no  clear  intersite  differences  in  size  demognqihy.  In 
contrast,  density  of  C.  fluminea  increased  greatly  from  RM  292.0  to  RM  283.9, 
and  the  size  structure  of  the  population  at  RM  292.0  was  slightly  different  than 
at  RM  283.9  and  287.0.  These  patterns  are  discussed  in  more  detail  below. 


Elllptio  crassidens 

EUiptio  crassiden  individuals  were  large,  ranging  fnnn  90  to  118  mm  long 
(Hgure  21).  The  model  length  of  mussels  in  this  population  was  103  mm. 
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The  of  small  mussels  indicates  a  population  that  has  not  had  substantial 
recniitment  in  several  years. 


QuaOvla  puatulosa  pustulosa 

The  population  of  Q.  p.  pustulosa  was  dominated  by  relatively  large 
mussels,  although  smne  small  individuals  were  collect^  (Figure  22).  Mussels 
greater  than  48  mm  long  comprised  60  percent  of  the  populatioa  Twelve 
percent  of  the  population  measured  less  than  30  mm  long.  These  small  Q.  p. 
pustulosa  are  evidence  that  recent  recruitment  has  beat  substantial  when 
comiMired  with  other  native  species. 


Cwbteula  Humlnea 

At  all  locations  (i.e.,  RM  283.9, 287.0,  and  292.0),  the  C.fluminea  popula¬ 
tion  was  heavily  dominated  by  individuals  less  than  20  mm  long  (Fig¬ 
ures  23-25).  A  single  cohort  of  C.  fboninea  centered  at  15  to  18  mm  (ranging 
from  12  to  20  mm)  was  heavily  dominam  at  RM  283.9.  This  cohort  com- 
{Mised  tgtproximately  98  percem  of  the  total  pt^atioa  Total  size  range  of 
C.fluminea  at  RM  283.9  was  9  to  36  mm.  At  RM  287.0,  a  single  cohort 
cemoed  at  13  to  17  mm  (ranging  horn  1 1  to  18  mm)  was  heavily  dominant 
This  o^rt  comprised  94  percent  of  the  C.  fluminea  population  at  RM  287. 
Total  size  range  of  Asian  clams  at  RM  287.0  was  8  to  32  mm.  Small 
C.  fluminea  at  RM  292.0  were  deaily  divided  among  two  cohorts.  A  minor 
colmtt  centered  at  10  to  13  mm  (Range  8  to  14  mm)  comprised  20  percem  of 
the  populatiort  This  small  cohort  could  not  be  distinguish  at  either 
RMs  283.9  or  287.0,  although  size  ratted  downward  to  8  mm  at  RM  283.9 
and  9  mm  at  RM  287.0.  A  second  cdiort  of  small  C.fluminea  coitered  at  16 
to  18  mm  (range  14  to  19  mm)  comprised  76.1  percent  of  the  population  at 
RM  292.0.  The  size  of  this  cohort  corresponded  relatively  clo^y  with  the 
major  cdiort  of  small  Asian  dams  at  both  RMs  283.9  and  287.0.  It  is  possi¬ 
ble  that  oveiv^idming  abundance  of  this  cdion  at  the  latter  two  locations 
masked  ttie  occunence  of  the  slightly  smaller  and  less  abundam  cohort  that 
was  deaiiy  evidem  mily  at  RM  292.0. 

Variation  in  C.  fluminea  mean  doisity  among  locations  was  much  more 
striking  than  variation  in  size  (temography.  Corbicula  fluminea  occurred  at  an 
average  density  of  3X779  individuals/square  meter  at  RM  283.9.  Density  at 
RM  287.0  was  tgtproximately  half  this  value,  averaging  1337  individuals  per 
square  mder.  At  RM  292.0,  C.  fluminea  mean  density  averaged  only 
IM  individuals/  square  meter. 
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The  mussel  assemblage  in  the  reach  of  the  UOR  consisted  almost  entirely 
of  thidc-shelled  species  (E.  crassidens  and  Q.  p.  pustulosa),  with  lesser  num¬ 
bers  of  Q.  metanevra  and  P.  cordatum.  Thin-shelled  q)ecies  such  as  L.  fragiUs 
were  uncommon  and  comprised  less  than  1  percent  of  the  qualitative  col¬ 
lection.  Within  their  range,  these  diin-shelled  species  are  found  in  appropriate 
substratum  in  large  rivers  (Murray  and  Leonard  1962;  Parmalee  1967;  and 
Starrett  1971).  Eadi  has  multiple  fish  hosts  (Fuller  1974)  and  would  be  more 
common  in  this  reach  if  more  suitable  sul^tratum  and  flow  existed  for  them. 
However,  gravel  and  erosive  flows  at  hi^  discharge  stress  thin-shelled  species. 
If  present,  few  would  reach  adult  size.  There  would  be  more  thin-shelled 
species  in  this  reach  of  the  UOR  if  substratum  consisted  of  more  fine-grained 
particles  and  maximum  water  velocities  were  reduced. 

Lampsilis  abrupta,  listed  as  endangered  by  the  U.S.  Fish  and  Wildlife  Ser¬ 
vice  (1^1),  has  been  reported  from  this  reat^  of  the  UOR  (Tolin,  Schmidt, 
and  Zero  1987).  It  is  so  uncommon  that  it  is  likely  to  be  missed  even  during 
intensive  surveys.  It  is  likely  diat  this  species  will  be  collected  during  future 
years.  PUthobasus  cypkyus,  listed  as  endangered  by  the  Commonwealth  of 
Kentucky  (Branson  et  al.  1981),  was  collected  using  qualitative  and  quantita¬ 
tive  teclmiques.  This  species  has  been  found  in  a  dense  and  diverse  bed  in  the 
lower  (^o  River  near  Olmsted,  DL  (Payne  and  Miller,  urqrublished  informa¬ 
tion),  and  comprised  0.19  percent  of  the  fauna  at  a  site  stabilized  by  wing 
dams  in  Pool  10  of  the  upper  Mississippi  River  (Miller  1988). 

Total  species  ridmess  in  the  study  area  (20  species)  is  similar  to  that  at 
other  mussel  beds  in  large  rivers.  At  a  mussel  in  the  lower  Ohio  River 
near  Olmsted,  IL,  23  species  of  freshwater  mussels  were  collected  (Miller 
1988).  In  a  survey  of  the  upper  Mississippi  River,  Miller  et  d.  (1990)  col¬ 
lected  over  15,000  bivalves  in  667  qualitative  samples  at  58  locations  and 
identified  34  species.  However,  total  species  ridmess  at  any  one  location  was 
usually  between  15  and  25. 

Mean  imionid  density  at  the  six  sites  samfded  (6.0  to  16.8  individuals/ 
s^iare  meter)  is  slightly  less  dian  values  often  found  at  large  river  mussel 
beds.  In  a  survey  of  die  upper  Mississippi  River.  Miller  et  al.  (1990)  reported 
diat  total  mussel  density  ranged  ftmn  5.2  to  3332  individuals/square  meter  at 
16  sites  (10  quantitative  samples  were  taken  at  each).  At  half  of  those  sites. 
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total  density  was  greater  dian  50  individuals^uare  meter,  at  four  sites  it  was 
greater  than  100  individuals/^quare  meter.  At  an  in^xxe  and  offshore  site 
sampled  in  1986  at  RM  18.6  in  the  lower  Tennessee  River  (32  quantitative 
samples  were  collected  at  each),  total  mussel  density  was  187.7  and 

79.7  mdividuals/square  meter,  respectively  (Way,  Miller,  and  Payne  1989). 

The  only  ^cies  of  Unionidae  that  exhibited  faiily  strong  evidence  of 
recent  recruitment  was  Q.  p.  pustulosa.  About  12  percent  of  the  individuals 
were  judged  to  be  evidence  of  recent  recruitment.  This  is  an  indication  of 
stable  substrate  and  suitable  water  velocity  at  the  time  of  reproduction  for  this 
species.  These  results  can  be  contrasted  with  a  bed  on  the  lower  Ohio  River 
where  Payne  and  Miller  (1989)  report^  that  71  percent  of  the  dominant  spe¬ 
cies  Fusconaia  ebena  belonged  to  a  single  cohort  with  an  average  SL  of 

15.8  mm. 

Estimates  of  total  density,  measures  of  recruitment,  and  adequate  character¬ 
ization  of  population  demogr^y  require  quantitative,  total  substratum  samjdes 
(Miller  and  ^yne  1988).  However,  quantitative  methods  in  large  rivets  are 
difficult  and  expensive.  Resource  agency  personnel  interested  in  mainly 
searedung  for  rare  or  endangered  sp«:ies  or  characterizing  tmpOitant  com¬ 
munity  parameters  such  as  diversity  and  evoiness  should  consider  qualitative 
methods.  This  assumes  that  studies  are  weU-designed  and  adequate  numbers 
of  individuals  are  collected. 

The  Asian  dam  C.  flumnea  has  been  abundant  in  the  lower  Ohio  River 
since  at  least  1957  (Sinclair  and  Ismn  1%3).  There  has  been  considerable 
speculation  that  C.ftuminea  would  competitively  disitiace  native  unionid  and 
sphaeriid  bivalves  (see  McMahon  (1983)  and  references  within).  In  this  river 
reach,  unionids  have  maintained  moderate  densities  and  diversities  and  show 
some  evidence  of  recent  recruitment  desinte  at  least  25  years  of  occurrence 
with  an  abundant  C.  fluminea  pcqxildion.  Arxrther  exotic  pest  bivalve,  the 
zebra  mussel  Dreissena  pofymorpha,  has  now  become  part  of  the  Uvalve  fauna 
in  the  Ohio  River.  In  the  lower  Ohio  River  near  Olm^ed,  IL,  a  single  individ¬ 
ual  was  found  byssaUy  attadied  to  a  piece  of  gravel.  A  second  individual  was 
found  on  a  unionid  during  a  qualitative  search  for  mussels.  Because  D.  pofym- 
orpha,  unlike  C.  flumnea,  can  byssally  attach  to  unionids  in  hijdi  density, 
thm  is  potmitially  much  more  direa  competititm  between  tiie  former  spedes 
and  ttie  native  mussels. 

Catastroi^c  declines  of  utuonids  have  been  repotted  in  Lake  St  Qair  and 
Lake  Erie  because  of  intense  fouling  of  live  unionids  by  zelna  mussels 
(Mackie  1993).  However,  in  these  instances,  utuonids  may  have  provided  a 
mudi  more  suitaUe  substrate  for  attadunent  than  sand  or  mud.  Furthermore, 
D.  pofymoipha  produces  a  true  veliger  larva  via  external  fertilization  (Hoj^dns 
and  Leadi  1993).  This  mode  of  reproduction  has  allowed  raind  colraazation 
along  tbc  fringes  of  the  Great  Lakes. 
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The  continued  use  of  inland  waterways  to  transport  bulk  commodities 
(Dietz  et  al.  1983)  has  caused  planners  and  biologists  in  Government  agencies 
to  express  concern  over  tte  possible  negative  effects  of  commercial  use  of 
waterways  on  freshwater  mussels  (Rasmussen  1983).  Rather  than  rely  on 
speculation  or  questionable  predictive  methods,  quantitative  and  qualitative 
techniques  should  be  used  to  obtain  data  on  mussel  density,  relative  species 
abundance,  community  composition,  and  population  demogr^hy.  The  results 
of  future  studies  at  these  mussel  beds  will  provide  information  necessary  to 
evaluate  the  effects  of  commercial  havigation  vessels  and  other  water  resource 
develofxnent  on  fieshwater  molluscs  in  this  reach  of  die  UOR. 
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Figure  2.  Sites  4-a  in  the  upper  Ohio  River 


Figure  5.  Relationship  between  percent  abundance,  percent  occurrence,  and 
species  rank  tor  mussels  collected  using  qualitative  methods,  upper 
Ohio  River,  1992 


Figure  6.  Relationship  between  cumulative  number  of  individuals  and 

cumulative  number  of  species  collected  using  qualitative  methods, 
upper  Ohio  River,  1992 
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Figure  7.  Percent  abundance  tor  ElKpHo  crassidens,  Quadrula  pustutosa  puatulosa,  and 

Quadnjla  metanevra  collected  ustog  quaittative  methods,  upper  Ohio  River,  1992 
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Figure  8.  Percent  tdwndance  tor  Pleurobema  oordatum,  AmUema  pUcatta  pKcata,  and 

Aodnom^  ligamentina  orMlected  using  c^attative  methods,  upper  Ohio  River,  1992 


Figure  9.  Percent  abundance  for  six  species  of  freshvvater  mussels  collected  using  qualitative 
and  quantitative  methods 


Figure  10.  ReUttionship  beivveen  percent  abundance,  percent  occurrence,  and 
species  rank  for  mussels  ooNected  using  quanttative  methods, 
upper  Ohio  River,  1992 


Figure  1 1 .  Reletionehip  betvveen  cumulative  number  of  individuals  and 

cumulative  number  of  species  collected  using  quantitative  mettxxfs, 
upper  Ohio  River,  1992 


Figure  12.  Species  diverstty  and  evermess  at  three  locations  in  the  iqjper  Ohio  River,  1992 
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Figure  13.  Percent  individuals  less  than  30  mm  total  shell  length  and  percent 
species  with  at  least  one  representative  less  than  30  mm  total  shell 
length  at  three  locations  in  the  upper  Ohio  River,  1992 
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Figure  15.  Numerical  and  biomass  density  for  CorUcula  fkttrtnea  collected  < 
three  locations  ft)  the  iqiper  Ohio  River,  1992 


Figure  20.  Relationship  between  four  size  classes  of  sediment  partides  and  biomass  density 
of  Cofbicula  IkmOnea,  upper  Ohio  River,  1992 
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Figure  21 .  Lenglh-frequency  histogram  for  EH^  crassidens  coiiected  at  RM  292.0,  287.0, 
arKi  283.9,  upper  Ohio  River,  October  1992 
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Figure  22.  Lertglh-lrequericy  htotogrem  lor  Ouaeiruia  puslutosa  piislutosa  coHected  at 
RM  292.0. 287.0,  and  283.9.  Upper  Ohio  River.  October  1992 
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Figure  23.  Len(^-frequency  histogram  for  Cortricula  fluminea  collected  in  the  i4>per  Ohio 
River  MRe  292.0,  October  1992  (Continued) 
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Figure  23.  (Concluded) 


SHELLEN 

COM 

COM 

FREQ 

FREQ 

PERCENT 

PERCENT 

8.2 

j 

0 

0 

0.00 

0.00 

8.4 

1 

1 

0.08 

0.08 

8.6 

0 

1 

0.00 

0.08 

8.8 

0 

1 

0.00 

0.08 

9.0 

1 

2 

0.08 

0.15 

9.2 

0 

2 

0.00 

0.15 

9.4 

0 

2 

0.00 

0.15 

9.6 

0 

2 

0.00 

0.15 

9.8 

1 

3 

0.08 

0.23 

10.0 

2 

5 

0.15 

0.39 

10.2 

2 

7 

0.15 

0.54 

10.4 

0 

7 

0.00 

0.54 

10.6 

3 

10 

0.23 

0.77 

10.8 

0 

10 

0.00 

0.77 

11.0 

1 

11 

0.08 

0.85 

11.2 

1 

12 

0.08 

0.93 

11.4 

2 

14 

0.15 

1.08 

11.6 

1 

15 

0.08 

1.16 

XX  •  8 

1 

16 

0.08 

1.24 

12.0 

* 

5 

21 

0.39 

1.63 

12.2 

2 

23 

0.15 

1.78 

12.4 

* 

9 

32 

0.70 

2.48 

12.6 

* 

4 

36 

0.31 

2.79 

12.8 

* 

7 

43 

0.54 

3.33 

13.0 

17 

60 

1.32 

4.64 

13.2 

* 

8 

68 

0.62 

5.26 

13.4 

24 

92 

1.86 

7.12 

13.6 

**** 

27 

119 

2.09 

9.21 

13 .8 

35 

154 

2.71 

11.92 

14.0 

43 

197 

3.33 

15.25 

14.2 

67 

264 

5.19 

20.43 

14.4 

**«««**«« 

57 

321 

4.41 

24.85 

X4  •  8 

83 

404 

6.42 

31.27 

14.8 

88 

492 

6.81 

38.08 

15.0 

•  107 

599 

8.28 

46.36 

15.2 

*  110 

709 

8.51 

54.88 

15*4 

****««  X40 

849 

10.84 

65.71 

15«6 

106 

955 

8.20 

73.92 

15  .8 

80 

1035 

6.19 

80.11 

16.0 

77 

1112 

5.96 

86.07 

16.2 

37 

1149 

2.86 

88.93 

X6 « 4 

**** 

25 

1174 

1.93 

90.87 

X8  •  6 

16 

1190 

1.24 

92.11 

X8  •  8 

** 

11 

1201 

0.85 

92.96 

17.0 

* 

7 

1208 

0.54 

93.50 

17.2 

1 

1209 

0.08 

93.58 

17  •  4 

1 

1210 

0.08 

93.65 

17  •  8 

0 

1210 

0.00 

93.65 

0 

1210 

0.00 

93.65 

18.0 

2 

1212 

0.15 

93.81 

18.2 

1 

1213 

0.08 

93.89 

Figure  24.  Lenglh4requency  hlelogram  for  Corbicula  flumkiea  collected  at  Sites  l  and  2, 
upper  Ohio  River  MRe  287.0,  October  1992  (Sheet  1  of  3) 


29.2 

t 

29.4 

1 

1 

29.6 

1 

1 

29.8 

1 

1 

30.0 

\ 

1 

30.2 

1 

I 

30.4 

1  * 

30.6 

1 

1 

30.8 

1  * 

31.0 

* 

31.2 

1 

1 

31.4 

1 

1 

31.6 

1 

1 

31.8 

1 

1 

32.0 

1 

1 

2  4  6  8  10 

PERCENTAGE 


2  1269  0.15  98.22 
0  1269  0.00  98.22 
0  1269  0.00  98.22 
1  1270  0.08  98.30 

1  1271  0.08  98.37 
0  1271  0.00  98.37 
4  1275  0.31  98.68 

2  1277  0.15  98.84 
6  1283  0.46  99.30 
4  1287  0.31  99.61 

3  1290  0.23  99.85 
1  1291  0.08  99.92 
0  1291  0.00  99.92 
0  1291  0.00  99.92 
0  1291  0.00  99.92 


Figure  24.  (Sheet  3  of  3) 


SHEUiEN 


«*«*•** 

**** 

•* 

* 


COM 

COM 

FREQ 

FREQ 

PERCEMT 

PERCENT 

1 

6 

0.06 

0.37 

0 

6 

0.00 

0.37 

1 

7 

0.06 

0.44 

0 

7 

0.00 

0.44 

1 

8 

0.06 

0.50 

1 

9 

0.06 

0.56 

2 

11 

0.12 

0.69 

5 

16 

0.31 

1.00 

6 

22 

0.37 

1.37 

3 

25 

0.19 

1.56 

6 

31 

0.37 

1.93 

6 

37 

0.37 

2.31 

9 

46 

0.56 

2.87 

16 

62 

1.00 

3.87 

20 

82 

1.25 

5.11 

24 

106 

1.50 

6.61 

31 

137 

1.93 

8.54 

39 

176 

2.43 

10.97 

54 

230 

3.37 

14.34 

52 

282 

3.24 

17.58 

83 

365 

5.17 

22.76 

83 

448 

5.17 

27.93 

91 

539 

5.67 

33.60 

87 

626 

5.42 

39.03 

129 

755 

8.04 

47.07 

95 

850 

5.92 

52.99 

107 

957 

6.67 

59.66 

114 

1071 

7.11 

66.77 

90 

1161 

5.61 

72.38 

83 

1244 

5.17 

77.56 

95 

1339 

5.92 

83.48 

77 

1416 

4.80 

88.28 

58 

1474 

3.62 

91.90 

31 

1505 

1.93 

93.83 

30 

1535 

1.87 

95.70 

18 

1553 

1.12 

96.82 

9 

1562 

0.56 

97.38 

4 

1566 

0.25 

97.63 

9 

1575 

0.56 

98.19 

0 

1575 

0.00 

98.19 

2 

1577 

0.12 

98.32 

0 

1577 

0.00 

98.32 

1 

1578 

0.06 

98.38 

1 

1579 

0.06 

98.44 

1 

1580 

0.06 

98.50 

2 

1582 

0.12 

98.63 

2 

1584 

0.12 

98.75 

0 

1584 

0.00 

98.75 

0 

1584 

0.00 

98.75 

0 

1584 

0.00 

98.75 

1 

1585 

0.06 

98.82 

Figure 25.  Lengtti-frequencyhiBlogremtor  COfMbutefbminMcollectedalSitel.i^^ 
River  MIe  283.9.  October  1992  (Sheet  1  of  3) 


Figiira25.  (Sheet  2  of  3) 


33.0 

32.2 

32.4 
33.fi 

32.8 
33.0 

33.2 

33.4 

33. fi 

33.8 
34.0 

34.2 

34.4 

34. fi 

34.8 
35.0 

35.2 

35.4 

35. fi 

35.8 
3fi.O 
3fi.2 
3fi.4 
3fi.fi 
3fi.8 
37.0 


0 

159fi 

0.00 

99.50 

0 

159fi 

0.00 

99.50 

0 

159fi 

0.00 

99.50 

0 

1596 

0.00 

99.50 

0 

159fi 

0.00 

99.50 

0 

159fi 

0.00 

99.50 

0 

159fi 

0.00 

99.50 

2 

1598 

0.12 

99.63 

0 

1598 

0.00 

99.63 

0 

1598 

0.00 

99.63 

1 

1599 

0.08 

99.69 

2 

IfiOl 

0.12 

99.81 

0 

IfiOl 

0.00 

99.81 

0 

1801 

0.00 

99.81 

1 

1803 

0.08 

99.88 

1 

1803 

0.08 

99.94 

0 

1803 

0.00 

99.94 

0 

lfi03 

0.00 

99.94 

1 

1804 

0.08 

100.00 

0 

lfi04 

0.00 

100.00 

0 

1804 

0.00 

100.00 

0 

1804 

0.00 

100.00 

0 

1804 

0.00 

100.00 

0 

1804 

0.00 

100.00 

0 

1804 

0.00 

100.00 

0 

1804 

0.00 

100.00 

PERCENTAGE 


FiBure2S.  (StweiaofS) 


Table  1 

Location  and  Number  of  Samples  Collected  Using  Qualitative  (Qual)  and 
Quantitative  (Quant)  Methods  in  the  Upper  Ohio  River,  October  1992 


No.  of 
Quant 
Samplee 

Dale 

Site  No. 

NC 

25  Oct  92 

1 

NC 

25  Oct  92 

1 

20 

21  Oct  92 

1 

20 

21  Oct  92 

1 

NC 

23  Oct  92 

2 

NC 

25  Oct  92 

2 

NC 

25  Oct  92 

2 

NC 

25  Oct  92 

3 

40 

24  Oct  92 

4 

NC 

22  Oct  92 

4 

NC 

23  Oct  92 

5 

20 

23  Oct  92 

6 

20 

22  Oct  92 

6 

1 


Note;  Quantitative  samplee  taken  from  River  Miles  292.1  and  292.0  are  listed  as  having  been  collecled  at  292.0. 


20 

1,477 
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Tables 

Percent  Species  Abundance  of  Unlonida  Collected  in  the  Upper  Ohio  River 
Using  Qualitative  Sampling  Methods,  October  1992 


F.  subfotunda 


L  racta 


L  ovata 


F.  ebena 


P.  cypbyus 


P.  mntoxia 


E.  Kneofata 


O.  raHexa 


T.  truncata 


L  tragilis 


T.  donacHormis 


RM  292^  RM  260.8  RM  288.7 


RM  287.0 


RM  284.0 


E.  crassidena 

45.02 

48.06 

5.81 

60.71 

42.78 

45.77 

O.  p.  pustulosa 

25.62 

16.03 

41.66 

8.67 

20.10 

20.92 

Q.  matanevra 

3.08 

7.68 

24.42 

4.59 

13.40 

7.99 

P.  oordatum 

3.98 

0.18 

3.46 

10.20 

3.06 

6.77 

A.  p.  pScaaa 

2.24 

3.34 

6.98 

3.06 

4.64 

3.39 

A.  Ugamantina 

2.73 

3.51 

0.00 

2.55 

6.16 

3.32 

O.  quadrula 

6.22 

3.51 

0.00 

0.00 

1.03 

3.25 

P.  alatus 

4.73 

0.67 

2.33 

1.53 

2.56 

2.23 

M.  neivosa 

1.00 

0.50 

0.00 

4.08 

2.06 

1.29 

Total  speciee 

18 

17 

11 

12 

15 

21 

Total  individuals 

402 

596 

86 

196 

194 

1,477 

Species  dwersity 

1.74 

1.72 

1.76 

1.48 

1.80 

1.82 

Evenness 

0.55 

0.55 

0.65 

0.46 

0.60 

0.53 

Dominance 

0.28 

0.28 

0.24 

0.39 

0.25 

0.27 

Mole:  Evenness  was  calcuiated  with  the  modHied  Hill's  ratio  (Ludwig  and  Reynolds  1988) 


Table  4 

Percent  Occurrence  of  Unlonlde  Collected  In  the  Upper  Ohio 
River  Ueing  Qualitative  Sampling  Methods,  October  1992 


£  cnmakiBm 

100.00 

100.00 

66.67 

100.00 

100.00 

97.78 

Q.  p.  piMtutota 

87.50 

83.33 

100.00 

66.67 

83.33 

Q.  mamnavn 

33.33 

61.11 

83.33 

58.33 

75.00 

56.67 

P.  cordMum 

37.50 

66.67 

16.67 

75.00 

41.67 

53.33 

A.  tgunentina 

37.50 

44.44 

0.00 

33.33 

66.67 

41.11 

A  p.  pScma 

25.00 

38.80 

50.00 

25.00 

58.33 

36.67 

O.  quaPnila 

58.33 

41.67 

0.00 

0.00 

16.67 

34.44 

P.t/MU 

20.17 

6.33 

33.33 

25.00 

33.33 

21.11 

ML  nanoaa 

16.67 

8.33 

0.00 

50.00 

25.00 

17.78 

F.  aubrotunda 

0.00 

13.80 

0.00 

41.67 

0.00 

11.11 

L  OWM 

12.50 

8.33 

33.33 

8.33 

8.33 

11.11 

F.  abana 

8.33 

13.80 

0.00 

0.00 

16.67 

10.00 

L  tacta 

12.50 

5.56 

50.00 

0.00 

8.33 

10.00 

P,  MFltalOlfl 

4.17 

8.33 

0.00 

16.67 

8.33 

7.78 

£  irwoMa 

8.33 

8.33 

0.00 

0.00 

8.33 

6.67 

O.  raHexa 

0.00 

11.11 

16.67 

8.33 

0.00 

6.67 

P. 

4.17 

2.78 

50.00 

0.00 

0.00 

5.56 

T.  bvneata 

4.17 

0.00 

0.00 

0.00 

16.67 

3.33 

LbagOu 

4.17 

0.00 

0.00 

0.00 

0.00 

1.11 

T.  ttnadformm 

0.00 

0.00 

16.67 

0.00 

0.00 

1.11 

Total  samples 

24 

36 

6 

12 

12 

00 

Tables 

Percent  Speclee  Abundance  of  Unlonids  Collected  In  the  Upper 
Ohio  River  Uaing  Quantitative  Sampling  Methoda,  October  1992 


RU  202.0  RM  207.0  RM  283.0  Total 


E.  ermuidans 


Q.  p.  puBtuhsa 


Q.  fflottnevni 


P.  cordalum 


A.  Kgamentina 


O.  nHwca 


T.  mneam 


U.  nervosa 


£  Sneolata 


F.  abena 


A.  p.  pteam 


Q.  quadrula 


P.  aktus 


L  mda 


P.  aintom 


P.  cyphfjfUB 


L  ovida 


Total  individuaiB 


22.32 


24.11 


16.07 


0.00 


S.36 


8.03 


0.82 


3.57 


2.68 


0.00 


1.70 


080 


1.70 


1.70 


0.00 


0.80 


0.00 


112 


0.30 


328 


Total  species 

11 

10 

13 

17 

Species  dweisi^ 

1.61 

1.46 

2.08 

1.83 

Evenness 

0.67 

0.66 

0.80 

0.50 

Dominanos 

0.27 

0.32 

0.15 

0.22 

%  Indviduals  <30  mm 

4.38 

8.86 

4.46 

5.40 

%  Species  <30  mm 

0.00 

10.10 

15.38 

11.76 

Note:  Evenness  was  calculated  with  tee  motffied  Mil’s  ratio  (Ludimg  and  Reynolds  1088)  || 

Table  6 

Percent  Occurrence  of  Unionide  Collected  in  the  Upper  Ohio 
River  Ueing  Quantitative  Sampling  Methods,  October  1992 


O.  p.  pmtuloea 


E.  crauidBna 


O.  nmtumvra 


P.  oordatum 


A  Sgunentina 


T.  tnmcata 


O.  nKma 


M  nennta 


A  p.  pIdMi 


£  tnaolam 


L  ncta 


F.  abana 


Q.  qimcMa 


O.  muaa 


L  ovata 


P.  cyphyus 


Tote  samples 


RM  292.0 

RU  287.0 

RM  283.9 

65.00 

62.50 

45.00 

72.50 

52.50 

37.50 

7.50 

7.50 

40.00 

32.50 

7.50 

0.00 

17.50 

0.00 

15.00 

2.50 

0.00 

27.50 

5.00 

0.00 

22.50 

0.00 

5.00 

10.00 

0.00 

5.00 

5.00 

0.00 

2.50 

7.50 

5.00 

0.00 

5.00 

7.50 

2.50 

0.00 

0.00 

5.00 

5.00 

5.00 

0.00 

2.50 

5.00 

0.00 

0.00 

0.00 

2.50 

0.00 

0.00 

0.00 

2.50 

40 

40 

40 

Total 


S7.S0 


54.17 


18.33 


13.33 


10. 


10.00 


9.17 


5.00 


3.33 


3.33 


3.33 


3.33 


3.33 


2.50 


1.67 


0.83 


0.83 
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